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PROBLEM TO BE SOLVED: To ascertain concrete 
conditions required for obtaining a defect-free crystal 
stably with . good reproducibility and to produce a 
silicon ingot having a* wide defect-free area stably with 
good reproducibility. 

SOLUTION: When a silicon single crystal is pulled from a 
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with good reproducibility by controlling the relation 
between the form of solid-liquid interface being the 
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crystal and the temperature distribution at the side 
face or the single crystal being pulled to be optimum. 



£ • L i -L—l—i x. i a, i j i 



COPYRIGHT: (C)2001,JPO 



(19)0*H»HF/t (JP) (12) 35t 4# £fc ^ < A) (ll)»fFfflH^ra## 

4M2001 -261495 
(P2001-261495A) 
(43)&BBB ¥/Sl3*£9 £26 B (2001.9.26) 



(51) IntCl. 7 
C3 0B 29/06 
15/22 

H0 1L 21/208 



mm** 

5 0 2 



F I 

C3 0B 29/06 
15/22 
HO 1L 21/208 



7-73-r(##) 
5 0 2 J 4G077 
5F0 5 3 

P 



^fflf* »*«<DS14 OL (£:19H) 



(21)fflH## 


#«2000-83030( P2000-83030) 


(71) max 


000184713 










(22>ms0 


¥j£l2<p 3 £23 B (2000. 3. 23) 




If^iliSW^tfrra^S 3T§25# l n 






(72)58W# 
























(72)5HI# 










#3£/l|JIW*rffIH;2.B2612#}fi 














(74)ftSSA 


100106002 








ie# Mi. 








msm\zm< 



(54) B5iJI©«»3 ^PI&ISSO«S^ 



(57) [gift] 



8. 

Si 

r 



- l 








■ i U. 


-1 1 Li L_ 


I 





< - ) . 



(2) 



2001-261495 



[ftiMit#©IEH] 

im*m l ] C Zffitcj: -,r-> y a >ffii?g^e.^ 'J 3 

wej* y 3 <t ©a jgi?ffi<D^*#« u x mx 

in^m2] CZffi{cJ:ori/'j3>|li»p.i"j3 

I t±tf £ CiK«t-,Ti/ij3>^>^-. h 

£§?i*-r -jt, stia^- y 3 <t mib^ y 

3>$tifeS©^T**@&J?ffi©^tK£. MI2i"J3 

Su. 

©@&WM©H3£fa^£C£(cJ:r>rm^ firiBi-' 
y 3 >*^S©teSWJM©®S^©l^» . jenif^ 

as©? \%±tfiifa<DmGm&zmm-r z c t k <fc o-rtf 

5 C <b <b T-SIf*^ 2 IB*g©^fe 
m?m 4 ] fuiBitei H 4>'fr©HigJ?ffi©i« <* £ 1 0 m 

mfcLh&TSC <h*^8fc£^£s»3}SI3fBiS©;fr&„ 
[313915] MiB^S*^©H«l?M©iS3©iiS 20 

«. BulBf y 3 >B*M«c^ LX EHftnS *x£«Btg©3£K© 

ml mas' y =i >®RK*Btf8-t * v ^©#&^ra * 

ffl&fcO ©0eifc©ill&i: «) ^Sf*>6iSJR$ns 1 « 

±©fc©«:j:-?r?f 5ctfc#«£T*tilJfcJS3iBtt© . 

>*is»«.r*±t/*«:*fcoT. mmisvziisimk 30 
mi^> y 3 >Wi ©@^ffi©fe B ^4i'^giJ^©i« $ 

£1 OmmtUKtU-r^yn^ieBliC^l^ilfMS* 
±(f%C4KJ:») > &^lfc|gJI©^^£|3Lh;*-t*S 

[swags'] czscc<tori";3>K!^3!p6^y3 

>i|MS.fi*3 I S C£ tc J: o Ti^ y 3 W > =f h 

?rSjg-r^gT*o-c, HytB'>y3>i$jKiB>FiB^y 

§i. IfflB^yal/^^CieSlfJEiWjaS^JiBi". # 

h 9 commxm 3 n/c^tcjs-r * <t 5 (c^s nt 40 

y 3 >4WMK'9lft±(f S C t <fr * 5/ y 3 W 

>a-* mtis^a. fio. c©^s«. i&m±i>x. &. 
t© (i) #6 (in) c^m^©^Ms?i^±if^T 

(I) ^©fl^i^iie^VCnin/mTn).!:^ i"J? 
WN&frh 1 3 0 0 ^©Hl©!*^©^ ft©iaK£J 
fBO^^GCC/niiOiU/tii*. V/G-CS?3ft-&Jt# 
0. 2 0~0. 2 2rmi , /Cm'in£&.5<fc-5K#Jffl-f -SC 
i. 

(II) ®rt©¥^G*l3-C/mn*?®-C*«5, Gedqet 50 



GcenterW*il.O •C/rmpfeSSra&SCi, V* V 
.sr.i... ±0. 02 nm/min fC$fJffl|-f SCi, ¥^)V 
£V 0S r«i... ±0.01 mm/min {C^Jfipr-SCi. ^tf 
(C. *¥!»«-C-5-©lSJS®a*i2000GijU:©?aJSE|l»n* 
•fZCb (&*J> G edqe«> &JiffliJ®{lj©itt:£faS&-£j 
12©^-?* , C centertt. tSAt^MHOtt^Iffi 
K£JiB©WC*£„ VOSF close tt. SI*_Bfafc* 

itg-C&S. ) „ 

(III) V (mm/m i n ) «#S a B a ©?l#±tfii 
G CC/mm) «~>y 3>SS^*>6 1 3 5 0 *C^T 

©iasffiHtctew^f i *±tfl**isi©*sji,rtaaf«jE© 

¥*£<8. Gouter«^Hl©^ffiiJffi{C*JW-5)Gffi» Gcente 
rtiife H |f^«C*JWSGffl-C4)^i'L/'r; jteH*<l>{ig 

£*£lI^Ji*r©{4g£©iig©v/Gfll= 0. 1 6~ 

0.18 mm 2 y°C -mi nil, Gouter/Gcenter 
£1. lOit^Ci. 

[SWOB 9] 0.40 imi/nrinJUa:©jIS-rg|*±lf 6tt 

[f«^S 10] 0 x^®rt©£##JfcKB&«*W 5 
5% (V93W>rf» h^gfC^6g$©it^) « 
±#fiE"r-2>P&2 0 0mmtLh©^ya>-f >rf -^ h„ 

cis^b i i ] a^bTi3@5nfc5*«±©'>'y 3 

>j>3y hgf-CAoT. ^x^Mrt©^5&5^^^ 
^*S5 0% (s/V3>^>"=ftP h^gtcft-rsg;*© 
tb*) «_h??a-r.SPS2 0 0 mm«±©^ 'J3W> 

a"^ h©*r^3n-cc^>>y vm. 

im>mi 2] H3RWK«I2 4 ppmaWT-C. >?x^® 

^SKMTSS3©J:b^) tLh^ffiT^»PS2 0 0 mm 
JJLt©-> y 3 > 3" h „ 



m^m 13] i c zstci^-c^y 3>n^*>?>^ y 
3 ^^ilSS?:? I a±tf •£ c <fc (c i o-c ^> y 3 > ^ >3" 3 

y 3 >#*gBl,t ©B&Wffi©*£ll#'teHJ#©@$i!?®© 

K$ <!: . wta^ y 3 >^Bi©iigsfflij®©ks«}iBi ; 
[ti*si4] czstctoTs/'j 3>sa-jg30ip>^y 

ifffB^ y 3>*^i©@?g|!l[B©^?:ii»i:-r-5. C 

[f6W©l¥tI&!&Hj] 
[000 1 ] 

iyKiisn/c^ys^iisatcH-r-s. . 

[000 2] 




(3) 

3 

[ooo3] lisv^^&gkuz-s&tizxmtzom 

©1#1*©55{b(cWfe*i&||^£i>5©W:> VLT<om 

oxmx * 5 <t e. t, > s „ 

[1] £?L#&*L.T£C/c£#*6ft-Ct,>-5>iJW KC£ 10 

[ 2 ] &4 bffliSJI^Ra (O S F ; Qxi dati on Induced 
Stacking Faul t). 

[3] &m~>>) =»&mmL-c£.ctcti%z.tiinx\,> 

[00041-cLt, CtKi<DXffi<Dft£mmz. J&B 

^fcco: o r jwt© «t 5 icmtrz c tarn p>ux^ 
*>> 

I i ] j£gi$K#s»t>*§£K:«, ~> y =i >tSAM&?lil 
*!£&•). tf-T F^RI©*.*^^^. 20 

[ii] -fcLT. ^•C^e.fiSSiiS^DSi. *§JI©fl- 
JgtfjS«cy>^i#K:OSFj&s$S£U OSF35©l*ifflMC 

[iii] f$.Em&*MK.mCZ>6; y > ^ttO S F ©* 

L/ . y > y« 0 S F gp©3^B«:tefi ZvZ.Ztfi 

ft*. 

[iv] 3e.{cfiSSjie[«:«i:^»i. 

[0005] ±M<D& 5 &J§l&*iitat •*>©». fiKSiS 30 

mivmicg.it-rztcibx&z^z.htixisi) . -e-©^ 

[0006] imame, <&xpi©-> y a 
■fl) ] Baiter a^/ci ^ cc. **3H4©fi-fc{c# 
or. ^> y a^^sw^jtagtcfcc^r^-r^ifgs^ 
K©<s»©s*fe^<fto-c:$rci.5. -eor. cn«c 
otjskkh&isii <5S£*§ii). ©»jg©^itee 

#tfcf*3 tlj &mW- 8-3303 16 ^f&#B (JWT. 

r&fefflttf<tti j £<<>5. ) tefcor. fe&tocDS"./ 3 ' 40 

[0007] c cr\ ±fB5^nWf^ i tea, y >d/t^ 
OSF^±ifc{4*7X*l££«i«£©|ffltc t ±IS3«© 

^pg©^-rn4>$*feir^xpfiM^??SE-rsc t^m 

Vtmfr*>®*ffl is y a >iS*Jt^<S^©3i^^«:»Jc: 
u ^-rn©^Pifc^T43a«fijcaLri^«c^-* 
- h vhimititSfa-r&thxwMztix^z. 

[0 00 8] &tc. tetSftttWl 1 «, CO-i-FfJl' 




1$§f§2 001-261495 
•4 

If jIS* V (itm/min)£ U is V a >©Ifc5a>6 13 0 0 
•CroPa©!*^©^^©^^^©^?: G CC/nm) 
iL//c<b# t V/CC^Sn-StkJ&lO. 20-0. 2 2^ 
/Cnrini ft S J: 5 (CtOfll I *±if ntf, - =■ 

- h 7)i>m&zmFa±fti£t l i^xmmi&x$>z 5 
ct&mmstix^z. 

[0 00 9] tC^X, Gt)^m^mi l Ci^—X3btH£. 
Wl«G=3. 5l*±tf»SVtt. 
0. 63+0. 0 3mm/min{cm/ hn-;U-rtl(*J:CiC 

c*i«^i^i|ii£m^£Kjiif : frt>©-e > 

®l«Sl/<>h3l<>k©£ftoTL*5fr6T-*S. W 

G©*a*[6]-c©^fk^l 0%{c^0fc£*«: 
«, &®mz-eu£tj:-,XL£5<DX$>2>. ChB. G 
©«*>jS^-tt©fiT«: J: -3-r^m«i'(c»«i^KfSJ| 

[0010] lECCB-JUf. a^«G«*S^|6j(C-«-C 

G©*s^r6jr©^-fbAn o%ic&-?&c 

J: T«*3 tiftbSffitr «, ? I±tf MB* t - $ tH*!& 

»:Pfiifea©ii!^Sfer^^% 4>©£ ft 6 3" 
%1>©-C*5. 

[0011] *7cJEtc, &JaiT«ff«l ««««:«. «T 
©2.^©WS**i*S. 

[1] G («i*|oj(D*S B B B rt©SS^ie©¥^l) .©ffffcW 

[2] G#9l*±Jf*K:Sj<fcT&e&.' 

[0012] BPi. ?l^±lfcf (CG*^b$i±-5SE3 

^©SSC^bfCi^^^'v^^©^^ ^^^< 
£t-^©ti*ffirg©^{b{CctS^^'^>^©^L 1H 

?s©s©^{b£c £**s* 0,. -e©jea • mwtzmmx& 

[0'0 13]*fc. RSlSiiav«Sl|®Dj B t!&>'<7^-^ 
■C&2»©{c*fL/. G<DWm$5J:V¥mimMX$>*). *v 

osiwtc^b-rs. -e-©/c*; c©^©*<*w/jcSlifi 
*^:ftKtf«S»3&J*«tt.< sn*. ^>so, Aft 

W^Cgft^oJtB^C'''*'^^ — ^ <fc^^<hL/"C©G<b©F5©H 
^*^Jfiiaft:*> 3l^-S/'c*©AftpU^I9*5BJ6^ 

[0014] 1$Pg¥ 1 1 - 1 99 38 6#<&$fi (WT, 



(4) 

5 

[0015] [a] ffiPVD¥-i£}G& 3 'C/n*efcffiV 3b 0 . 
G edgeiG centerf?B#1.0 *C/mm*'$iT?&& C £ (ft 
*J. G edgett. ^{MffiflPJOffl^ftSgSJE©^^* 
■S. , Gcentertt. ilSiIldM^J©*!*^®*^©^ 10 
-C*S. V OSF close ?l#±ifaa*?)S£i>§#r 

•5. ) . 

[b] V&'V, ,„,.,. ±0. 02 mn/nrin 

Ci. ^VSrV osrci... ±0.01mm/nrin KSMarrS 

[c] ISJiEPftn^Lr^SOfl^ilf^f^tCD-C* 
*52000GW±-C*5Ci„ 

[0 0 16] <2^Wf$l2«t*Sl,>TG edge £ 20 

G center 1 . 0 'C/m^m£ "TS C V&V 
«i.,i.i.±0. 0 2 rnm/min«:$IJ©-r S C £ . *J«fctf¥i£ 
V*V osrc ,...± 0. 0 1 mivtainCCffflSJ-r 3 C £ ». & 
WPKf% 1 iBiS©iSl!t©iSHl*3'C * 0 ; ' If fc ftftlStt . 
Mrt©¥$G£3X7nn#$S<!:L,-t > ©iaS^IiSiL/c 
a -5 *s»JPS*S®*^S©*J§S«:ft s c £ £ . ?HiEP 

[0017] H«C t 1 1 - 1 9 938 7-Sf23B 

(fcTF. r^Wf«J3j it,^. ) -Ctt. OSFSiSfe 
^Sft^SftXRIi(S a ^<D^^*5J^§n-C^S. CCD 30 
&WKt*»3«:B:. -»-h5*«W«:t>2«K*»>. 

PS^ai a s citctsi; ts^H-> y 3 >«<a ft&X 

[0018] «I^K«ia©?l#±lf^#«. GCOB^-r 
©S{t* (Gnax- Groin) /Grrrin #2 0%5(5?S<tftSJ: 
5KT4CtT*»). Ctit, £*0fitff<l3JlK:iat83ft 

m\ZGfflffii (FEMAG) (C£«j3fc©6tlfc*>©tN& 40 

fflisi ^e© ©aiUBS©*^ £ *fic. L/T i,> s *>£* 5 a>-r e. 

[ 0 0 1 9 ] 1»H¥ 1 1 -79 88 9#&« (fc* 

•5. afgl?®©H!§*¥^fii{C*tLr±5nmW[*3«!:ft-S 

«fc53ia±tf*C£#S5g<**vCl,>.S. *©J:5ftt§ 

£\ G«i$J— £ft»3G edge£ G center£#0. 5'C/mn 50 



4$i2 0 0 1 -2 6 1 495 
•6 

mm £ ft 0 f#3 £l>tc. *© J: 9 &¥MttBiKf?raBtt 
iS2 0 0 0 #9XJ-;U:#a<,>£ t,T<,>£. 

[0020] commoimtctctamt. mmnmomm 
<omiz, ^wim3 tmm^&mmvr (femag) 
c £ ajfltt ^ tc g -c & -s c £ zmfrt 2> t> W t?« ft 
ro»w©««i-e© *>©***»©»■£»«; 

f J 5*»fe?8e.3&>'C«ftl.». 
[0 02 1 ] 

^©S^-CB^ fiSSalfiViH^lfffiifi^©^ 

G«*ia©9i*±*f t>(csB* ia^b-rsiWiftfe© 

f3-r5©««0<Eit-C*S o £Kt(C. 
SS*sf#6ti4£5n-5v/G©ffiK:-^t,>rfc, 

SJ:5ftfc©-c*.S 0 

[0 02 2] C©-J: 5(C. «S«SflEVJ*lWarart6ft^<9 

^-*-c*4— ^rc. G©fffl5*j<i:c;^a | jwEitr4>-3 

tt««:«4fM8©*»WftSES6K:B. ^ft«tf«»*» 

[0 02 3 ]^l/-t\ HfleUflBftAfltWft-'t^y-^i 
fe*£ L/t ©G i©n©H«***?IIWfc*:«>. -hlBt** 

a«{c«4di*DTUff *tc»v>r« . itfiift g^s^-t 
Sfcs?>©A*e ! J^I9:«K'E.A^c s nr t,>ftt,». 
[0024] ««±©«fc 6 temmtcmtf-x ft s n . 

[0 02 5] . 

[M4»«T5fe»©*S] «±©J:^ftaW*ilffi 

*±tf*©*Ba©flBffi«c*jw*aflE»=mi. ©k^* 

J: < MiSTT -S C <b ^® £ * 4. 
[0 02 6] [3*:»^©«2|s:JSiS - *8XP§*SII©«Jj£ 
K»-T*H*l|ilB©JBtt©«W - 1 C©J:9ft*«9i* 

j £t>5 fc©*s||fi8tC«$iJ®pJfi6ft^-7^- jr-C* 



7 

[0027] ccr\ mmftwo&vti 

> v 3 ^mm*mit lx > ^ >M^^msir *khc 

mm?m ub. ^ yavtgg 1 1 y i 

m^-mi 4«. ±«:di©«^ <S2 5 a) *>*n«. t 

(CO©»^ (02 5 B) $tc. »^KJ:-,r 

(125C) &*T^fc:fc*J: 
5fct§£ (02 5D) fc&S. 

[0 02 8]^UT, CCDJ:5&I«l?I©^«14i 10 
<,>5©tt. ~>'J3>ll!?Kl 3(Dttm.tm< H^LT^S 

c©^>; 1 3©*fi££<.>5 *>©»iMffi)-r£c i 

fc^jffli-c # a t <t (t & .5 ©t?& s „ 

[0 029] #2PJ3#6KJ:oT$rfcK:IS6ft/c&mK 

^. g (tt^isi©issF»g©ss*jE(o^) omffiwrn 

SKSttSfctoft©-?**. fit, Bttft9<Z>fl*ttl2 20 

c». .tor. ^^fsSE4^L/>«ci»e^>5 ^u—>3 
[0030] ccrma, v/G©Jt£o. 20~o. 

2 2 imf /'CnrinKslSSrr S i l> 5ilSffi£©iW&g-rS 

SiS: 3 ft r t c > e i a** # & »s <t 0 r t >fc ©r- * 

4.- atWWCtt. Bia[*t«fe©3a** : P«-i--5S^*5tiE: 
tiCiKioT. «8©a**#«f>rcG©»flB*tTl^ 
e»riSfig©V/Clt©$IJfflI?r nJtlKl 0Tt» £©T* 

*. ■- " 

[003 1 ] SEfc; G»9l»±(f»f>CCSf4 tmtTZ. 

mm* h ©-C*) s # ; ? 1 # ± tc g *a<t s * 

;i^tfr£ t-*©tB*tteS©^kK:j:s^>''?^>^©SE • 
fb. a*oi©gHbft S c i A^t ^ s. cft*> 40 

^{b^-iCi.JCfcoTG^ffil-r-SOtJ. Ch?>0^ 

ittc «fc r > >; n >KfK©^*s^b L/, @?£i?®©^ 

tfc&^b-r 6 "C * -5 i C » 9 ifei&CC^B^^ 6 teff S 

[0032] m^x^mxit. «#a<j(ctt. -> >; 3> 
mm 1 3 ©*f?£(cB8ii-f 4 7 ^ - * =sr*tjtsi-r •& c «t «c 

<£oT@fR|?®©JfJt**3iS£U cn{C<fcoT^S*^ 

[0033] *VXC<DtctblClZ x S26tC^$*a<5<t 
5 K . *Sil 1 1 Ott A<fMMIl 1 1 a «c*jW £ fflj£#® 1 50 



mm 2001-261495 
• 8 

4©W3h (EP£. *S^D©H?K^®©lBf3h) i. L 

rat?ti4 mm.?m<D&zi t. aasi i©<iijei 

1 b{C*JW-5?|±^[fi]©jaS45l2i*iS^«:fflK-r4 

ftK.-oux\zm*humc®m? *>) . 

[0 03 4] tC^X. — MtftftCZfrO*-; h /~> 

1 3*i?aLra6iHiK-r4Ji'->^2 1 <t. c©;u^# 

2UM1-5fc-$-2 2i > ^>Ja>ii?gl 3^6 

xmm.m^i i ^<omimm.z8m?z>®tmm&2 3 

<t. $gf 8 l l CDiill 1 bOOimSE«rfT9fl!l9&ft 

«)© V U y A F 2 6 i . ?r^tJ. 

[0 0 35] C«, 8fcSf8#2 3«— ®e?JfC«*-^ 
>SBMr «fiSE$ ^> "J 3 >IS?S 13^6 ©fI!H&£ 
'a«-r*c4«:j:-,r*IS»i 1©WJ®1 l b©SSiS 
S^f^fc©t?*-2,^. f^iS^2 3<h|^««:#ig B ^l 

1 H^g:g§tirc^ffliJffiSfiiS^e2 4 

5 — t - # - ft i'©s@a«]^cR^c^ [mm 
zn>5$mxmi8.2ti2>. t-i?-2 2« < 02 

7{C^3n-SJ:^iC. JBikKi-y^ Fb-^-2 2ai 
^FAt-tJf-2 2 b <t^6«ES;$n5. . 

>afei$©#«t©3HJfflJ • VHS. <^i^-r«@?gWfS©i«S 
. (0 2 6 ©h ) <Dnm ■ $amz. m&mrs&tzK) o^y 
#©i5HeB. ' #fl[B#P5*/c 0 ©^ B ^@«^. ftmcmm 

[0 03 7] ^c*s; — mfitBtraiycO©^^ 

fln. s^fia*©^©^^*!©^^^^, HStisiffi©ii5 

3t*tf^?ttf)(c{l @?g^M©iis$©Ji#«:#-or. 
teH.1 1©WM1 1 b©S®^iB*A#<^^S*5ab. 

[0038] mm.¥tm<owvi. rnmm<r>&mK.^\ 
r©fie*©sa]. cc?, BfSw®©^tt©*ij©.. > 

r«^< 8ifi6htt,^j:i,v. c©c i«:otir-i-s-rn 

-en{ifelT©«fc^«:^-5. 
[0039]*f. <&WKf^ 2 R^^fiJtf^ 3 (C*j 

t,»r(j. g (^^©^^©ia^iH© 1 ! 1 ^!) ©fFffi 

4FEMAG (F.Dupret, P.Nicodeme, Y Ryckmans, 
P.Wouters. and M. 3. Crochet, Int. J. Heat Mass T 
ransfer, 33 1849 (1990) ) K «fc oTtf -> •€"© 

iWf&tf. hy->rt©f^fis*ie«e^©ig^ 
*sffiL./c©*-c* p . mmm.<onms.%m.z nx^ 

tel*?£ifttt«cc&<£ie3fts*>©-c ibztc.it>. c©^ 



10 



20 



^©^ft *•© ft <Dfiimm<D&Sk t M J£ u r l £ 5 
[0040] S£oT, tSe»©H®iCCfflU/c|||^(D*S B ^K: 

#^£i$i*©i8B<ti,Tit#UTc>SG£©ra<&tt. a 

[ o o 4 i ] « ur c©*tt«, z&amm i -^^tij 
tf^4{c^s^{c*jc>'r4,|ii«t?*0. SsiBSFf^S 

^FS=ft*©ffiH-C}g *l"Cl>£G£ *iSlitC # *^ 

^©ffiHTTnsnrc^sv. v/GKtssufci 

ft. «feXPfiiSS?r^Ur»SCiAi-C , *iteC>©-C& 

[0042] c©;^ ; mz.n&mw<mi tas^-a,. 
mmmmj&w<DGK.%t-tz>$mifitts:z>c <to^r©ie 

rUs»^Pi^©®JjgWi, 

t,-C(,>£&©r«itct,>. 

te{,>tmT<DM&-c$>zc M^iiSB^Siiji©^ 

[0 043] H*{C. 0-3 30 7 1 3# (S 

«,V/C#0. 16~0. 18mB l /Cnrin tiot C 
edge / Ccenter ©It* 1 . 10 itSCit***!, 

c ©&?b£ wish ufc^r imwizmic-o^Tetuz t* 

.CO 0 4 4] [#S|§©I1] *^«?»©5f^K:± 

o . ^©lii^rfiias^iBG^^^-^sigt*. *sjhsj 

^HC^TO*. C C-C. @^®-C©®a«ffiL*r *40 
TOO K = 1685 K-1.78 X+ a X a-400)* 
:iT, XMtH«ffB*>e>©EM Cm) Tib 9 
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**s/cat>. c©-o©s^*i^sstin«. mikoum. 
[0045] <mm?m<DWX.>mmmm<DWAKu.. m 

ft, h V r ->©«fiS{C«fc0ffi. i g{C©l®IT*C<t*5pJ 

[0046] -e-c-c, *&wmt?iz, mmzmmmt 
mF B mm<Dum.fti$ t z> e l «: ct o . mxrs 
*s B i I ^a{c^6ns^#©^^fofc 0 

[0 047] S-T. S&J'ilffiC^tf^G.iOBSG&fC-^ 

mm-rz <t ^^fiXgjiaa^{c*jws@«i?M^©* 

9Jfll£*l<fc&©-c&.5>. Ii(cS$n5J:5(c. -?•© 
<fc5%ffl6C^SjlKcc*j^r«. — fl8&c@?gj?®©Gtg 
«BS§9£&»J <01<hft{C. S2 6BOIIWI144 
#M> . ajRflWCCdiJQrS**, ii^ijiE©tftSfCj:oT 

[0048] >X(c, 02 K^^tiS <fc 5«c. - 0 1 oymt 

@«Wffl©B3 €t&A®ttMtt®SffiftB0ift3 £©H 
<«T, T@^|?Mojif5j ic^„ ) -2 0ran 
*P 6 + 2 0 rim $ 5 mnfalPg-C^-f 1 5 •tffc<Efgj?ffiffJ 

02 etc^snsjr^cc. eii lo^iw^ 

1 1 a&C*$WSB?8l?ffil 4©i«$h <kO-r«S$n 
4). 

[0049] <feSWJS©SS^>teeHSJBa©iaS^- 

fljtL-rra. iit4e^*f©*sii:^6f#e»n-sMBifflijffi 

ISOZLtc (^tiJ. rjesfflrlHJ il,^©}*. 02 6ic^ 

^n^si i©w®i t i bC5Ci^f5) . -eor. 

S^b/tSS^.^ T(X) HE, ( 1 ) ~C5-Z-tt. 

[0050] 

[»1] 



30. 



• a (i) 

T (X). tt@«3Eif®i>6©ffi 



[005 1 ] c©^{cteW-s@?B[|?ffi-c©ffla^ffi«. 
G 0 =- (dT(X) /dX) ...itii, Go =1.78 

+1.6x10' ^Ct?a©iS3£«:«fc9» 
S(!"Jffi©G, ©ffl*1.5 *^5. 0 'C/nm $T\ 0.5 '0/11111 

©ffflPg-C-^i/t. ISS©g3ti. 400rmi ©RfSily. 
if&SlSgtt 210 mm tWc. 



50 



[0052] i4«, @fSW®©*3 U JSS 

fflim©G (teeiigi±if^[Sj©aEg^jiB. ^hj^ 

^■T4^©G«, C©SSfc-C^ffl-r6) Sr^liiLfc 
l©^©i^attJ^©G©^i^?:7n Ctc t><D-C$> Z> . 
[005 3 ] <@j«lfE©iS? tifSIHIiMfc iO^H* 
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Zct&BZ. CCTOGtt, *SAfl)S4aJ:cniS 
Sf-fcifefc. Bfc±iJ!»6 1 3 5 O'CS-CCiaKSJiafciE 

[0054] c©itiMfe££S«c MSO?HlffioaS 

^ieG<bi£ii#^©sg^ie£©]fc£i?tii 

C©05fCiS;*tt.2,J:5fC ifeS^ffilJffi© 
B. @&nmi(63*mMZ£*i*tj:®m<DUg.Zl&Z^ 

z.^smifi$>z>t^ set i>mz>. 

[0055] tC *>-C\ ^»fPJtff)4 "CB. SStlfMO 
f&WWmXtb Z> t % CC G ifi%i— 1 z t V X I, » -5 # . 
C©tt*IS* (05) *#JRtr££. .**l«IS««IH<0 

g*vjs$ i»«^©*jeajrr**fr-c**«:ji?fti»i t» 

5CiWl5. tit. C©itMS*£#Jt![-r«C&CCj: 

or-. B«mw<oi«3h3W»c>»^«:tt. wauK^JEr 

*oTfc$|—tfG#i56ft4&l>5C CtiK 
&WFWt»2TI*. Mrt<D^G^3"C/hra*j« 

TOCTfci^&G#fc6ft£&C>5C 
[0056] <^ffi*£ll#ff 6*i4&#> CO J: 5 ft 

- BffimftDira <02 6©h) t*. 
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*^{a^*fcO©^y#©0|g». *(Si^FM*fcO©i(a 
ABCft. fflHS©En»D©#^*iJ:a : «ti®a{Cj:0sS^ 
l//c 0 tSAOHS (H26011b) ©SS^JE 

B. «a*W0Ht»«afiR» <«*B\ H2 7©&>»8E 
f* 2 3 ) ©?£B#> 6 ©AS 3 «: «fc 0 L fc. 
[0 05 7] B„g*9©ffS». *S,H©3l#±tf 

itSS«l ) &^tf«f^r6lKieS*^»rL'-C««©-9->o- 

CitCtDIWBfil/fc. 
io [0 05 8] *SJHBJffi©aK£JB2«. It^WMfK £ 
'*)*«>&. «r»T. *££&N^«:£&G0mGtf. II 

fCtel,»r«HSE#ffi?S3«. HSWJC^CCJc^^t*. 
[0 05 9]MMg2 10nm. ;l^jKittS2 2 -Y >3=- 

r* 49 1 »±w *fr©R3e«:r . mmzm-m s <t mmust 

20 ffi©G©*ff^«#^bttK£*^«©*W&©8E<t* 
' P3-<fc. *SHB> lft*(CJdMBra*<rFStfrsR*S-li 
fc. -ei/C. tSA©«fiUK(c45^£^Ka©^«. Se 
ceo 'x.y *>tfto£Vmwm&<DXmh##5y -C L 

[0 06 0] 
[311] 

* 















2. 1 tVm 




■ »7 cottffi 


+7.0 Dm 


2.7 TC/ob 


*3W8» 2000 


SIB (D*§* 


+14.7 mn 


2. 82 TCAm 


3000 



[oo6i] tUr©3o©*g B ^tcot>T©w«sm©flJ ' 
*H6. 7. 8(c^t. H6, 7. 8». «m«jn»a 

giUCSJIifi=&iteS©*S^l©ffia<!:bfc<!:#©^PS . 
«©Stt«**5ViY 

[0 062] &*^J B ©f#6*i£)&gj£KSSfflB. 

9'*rta< os F**i«^aB««i©*Batt©*. 
a^isitcfe^ssfiisffi v osf .fflin tmxfmt&tn 

tt**X3r«*i©«*«K©4^ft<e*W***a 

fif V dis.max <b©PaT?*S. C©<fc 5 (C^SStlfcV o 40 

sf, min <b V dis, maxB. 07RO f 08 4 J {cKi^ - C^ 

3nrt»4. 

[0063] CCT, AV = V osf, min- V dis.max i 
Lfci*. Av *JiE-C*5J&^«:©*. JtefcHilSg**» 
P>hSCiK&5. ttc. C©«t^{CAV*^U?clS 
£KB. ?l*±lfjSK©^FS$I*5AV -C*Sil^Ci 

9C<!:K:&£. ^ITHK> V osf , min t V dis, max© 

t^rsfitiociKtti©-^ w-xim vakz < & so 



[0 0 6 4] H^B. S«ffB©Xd«fllN^O. *SJI 
(Wa©G%«Jf*<Bl/fct8^©AV ©«S«*«mbr(r>' 
S. CCt, AVfiiJE-C&Zm4. HJ%E9r#^.«C 

©H9t|>r*Wirn%t/fc«Hr©*. ^RSMa^©WJS 
*inJt6-C*S. poitt«j<cwiwfiBiortt."ia* 

©ifflSt-WSC^- (AV> 0.01 rtm/m-in)©fSB-C!U6£-r£ 

[0 06 5] — • B 1 0 K«, @?g^ffi©«$?r««l 
it. *SAfflm©G€IGM&LfcW£©V osf.nrin £ V 

dis.max©^® V©^iS^7^L//c„ lagfe.fcCXl 0 
*»6tt. @?gS?ffi©[4S^S< . fe B B B M©Sa<S]S23!»5 

[0 06 6] <fi£*©fcim 6 {CJ: *)'&hintc 

--c mi ti tinn&m#8Am enfti>ishr#/c. c 

t\i^lS.0X. EI5©iaS4aiB©^-14©ia<!:0 9©M 
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-&©&«&&# t «i^PBittaof#6 ti z> mm t \ *5c± 
<,c—%crz>m-ctetjmt^'jct-t)mZo og 9. ten 
Mffi©iag£jse*s(as&£jie <t & ( hit. *tc<s 

iurt. ft^Ks*§s#f#*>tts©-c*&. cti«. 

[0067] I(C. t£3fe<D*0Jl.r«. *R^I®*Sa*^fiS 

$ +i -siss© v/g stsnm, ^ n 

#U>ay<Dm& CV.V. Voronkov, J. Crystal C 10 
rowth .Volume 59, paqe 625, 1982 ) iC«fc9. ^?L£ 

ssi^stss^mi v/g Kio-cRts^isnt 

[0 068] L/#>L-fe*s6-?-CD— V/G©8gJ?«lK: 
to 06 93 -ece, 126 ,7 .sce^bfcWcotvc. 20 

[0 07 0] *<DfS**BSl-l.;l 2 ,13Kif. 0*> 
6 . 4t&RHW«*£ D S v/g « . BftffiBOiS 3 K «fc 
or^<^tUTC^C<!:*5^-5„ CCDH11.12. 
1 3 2p6. B«l?ffi^ttfcJ:oTteXffiteJI.©f#e>*-iS 
V/G ffi^©&©J^b-TS<!:t,>5c:<!:#5&S6. 

[0 07 1 ] CCt, fi^OflJtf^ 1 K <fc 0 ffi^flfcV/ 30 

<o±x ifim%f&-c& z> «t 5 kiw® r 5 ©«®i*T mux 

5 C©Ci*6. SftPMl© 

[ 0 0 7 2 ] <#u>^7mm±*mw>mmnw(D& 

ttfctoTlg^© v/g *s^fcf #n 
>a7©ffliitK<fcr>T&^»t'C£;erc>&©©. cti«c' 40 

jfc#ffi©JfcK4 H» 1/ -CES^v/G *^t-T 5CiK»l 
r©#n>=2-7Si&{cj:S»«WK:ot^r. ffi#ccsi^ 

[0 0 7 3 ] tfn>a73i&fCj:*T,fct v i"J3>©lS 

xm t Lxmms.(om.m.x, **se?l«wwj3* < 
>©**«**<,» t-r*. a»?L£*ffli8i' y a ><t (satfli 
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aAsti^fcdb. ffi«jt^ia©^<#Ae.n-5ffiji3i#± 
imtpxte. i«a©tB*fB8«©se^o, ft^-m^y 

< ©J£«tB$ra*5#^ 6 ft-f . StmMJSJE©**^ C5fc 
7c^«^^?L*5^©ts;ffi|$(c^@-r^c:i«:^ 

[0074] ^D>a 7*5. i»-h^JHctt»&8:S- 

f&mmt&W£<D v/g iciotaa^n^ci^^aib 

^— &*i£{cta^-r-5„ u^lsi^©Mh^«. -^c* 
^©jgs^ie^sK^se^fc.^c^/cab. Hffifis 

[ 0 0 7 5 ] 0 . H*JOT#¥*"e&t»»£K:tt. 

terras- y a >©^aXi*tt»«fc&iercBft < . Hffi 

tSftO**«^©»T-|B^ y a >©«ffi. S fc«MS© 
SI©f#6tiS6SI? v/g tt. B*Wffi<WBKKtt#-r . 

(c .j: i«hFnB5/ y a xmffitxmmic j: ->t*>aw 

[0 07 6] [«K©IKn £LL©J:9&C 

[0 07 7] (1) CZffitcj:oTS/y.3>M«*»6 
5/ y a ^^feS*? I # ±tf -S cc * fc o f . mflBi^ y a > 

[007 8] *«W©*JtKJH6-&«. . rcZS 

(C «fc oTf y a y a >*H*»*5l«f±tf * 

K*fc-3t. mz~> y a>gMimria^y a >m^si 

W-jTftfa 6 5/ y a A * ? I * ±tf S 

tc*fco r . mffB'> y a >W&©*tifc&*Jft bt feXRS 
ifgS4S{^-r-5.*ffi. J «±E ( 1 ) iHRWtcPI— © 

[0 07 9] (2) CZtt{C«fcr>rS/'J3>lia»»6 

y 3>*^a*5l#±lf5C iK «fc -?r y a >^ > 
h*«aH-**ffi-C*-»r. IWBS-"./ =»>»*<!: at 
iBS^ y a >«MrA©4K||i-T?» *H*»H©JI5tt4 . MfB 

y 3 >#feB©*g£ttiJli©i&K#flj <k . *HMT?> c 
t (c J: -p t:*s5aB«***tfS/ 'jaW>rf»h 

[008 0] ( 3 ) tiriBffl?g|?ffi©^©l®IS«. 
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bm-jmsch i & ±if iifo<»m&zi&z%m.-r z> c t tc j: 

iXft*>Ct*imL?Z> (2) 12*£©:fri£. 

[oo8i] ( 4 ) mm&ik$*>i><DW&fm<D-fcz * 

1 QmmVX±.frZ>Zt*mkt-?Z> (3) IB»c©;fr 
ft. 

[0 08 2] (5) B«faite.fl*^©B?£#ffi<DlS$<D 

ra* o ©@^»©i3Si. Rimta^ y 3 >#*§,!©# 

{4B#Rf|* tc *) ©@&£fc©D3£E<fc 0 ft £ gf 2p 6 ilfl? S ti -5. 
l«±©fc©K«toTtT5t<t&#®<!:-r£ (3) IBtS 
©#*£. 

[008 3] (6) mff2B&*§©3iig£2 5 0 0^^ 
&±<i^£C IT S (5) iBJS©^ffi. 

[0 08 4] (7) C Z &tC J: oT->y 3 
S^y 3>i|Mi§||£g|£i:tf.&{c&fc-?r > Wie->U3> 

^ i *mbs< v 3 t (Dmmnmvfeik'p'bmft 

©W$* l 0mm^±<fcl,T*>y 3>#|§li©3l£±tf 20 

5©ra> r^stti^©H^ffi©j«3 j tisjur* 

[0085] (8)' C2ffi{CJ:o-C->i;=i>i6^?, 
a >#*§H£3 I *±lf -5 C <t tc «fc o r %y V 3 > -f > 

12 f >; 3 ©B&fS®©J3JI*'i>Sfl#©Hi£# 

ffi©iS3 i . Buia^ y 3 >*sss©ifesfflijffi©sffi^g2 

*SH9©$4ifir?n3nfc^K:S-r-S«fc^K:S^$ 30 

n-t ^ y 3 >m#sa*5 1 # _bf s c <b <t f * ^ y 

[0 086]fflU CCglH. igSiL/t. X© 

(D #>e> (in) ^-rn^©*teS?l^±if^Trm 
*&n&s i z±tfi>m£zm < . 

[0 08 7] (I) tSA<!>?l&-Bf jtK&.V (mm/nrin) 
&U ^";3>CD11*>6 1 3 0 0*C©ffl©$4*|Sj©^ 
Srt©i&S^3ffi©¥^l4GCC/nm)il//ci^. V/CCjl 
SttStbtUO. 2 0-0. 2 2 an? /"Cmin t tXZxii'HC 

nmrtct. 40 

[008 8] (II) mPi<D¥-iS}Gifi3 ■C/mrfmv$> 
•5. GedqeiGcenterf^l.O •C / «f5i|-C*SC'<!: > 
V* Vosr.i... ±0. 0 2 ran/nrin K^SltiCi, : 
^VfcV „„„... ±0.01 mm/min KWfiCi, 

Mtfcc. *«HE«-r-e©fiaEi©^s*i2oooG«±©?KiaEn 

flD£f-5>C<fc (ftfc, Gedgekt. ISIHIWJ©^!*!® 
KfcJie©^^**. , C centertt. m§* a tp<Cm<DW* 
IfilSa^E©^^*^)., V 0SF close «. 3l*±tfS 

s*^$-«*-ci,>ofci#tcosF v>#*mm-rz>i\$ 

itfS&T**. ) . 50 



«fP82 0 0 1 -2 6 1 49 5 

[0 08 9] (in) V (mm/m i n) fcMMSifl© 
5[#±tfiIK. G CC/mm) «i/'j3>M*?)13 
5 0 •C*-r©affiffiH(c4BW^?l#±lfW73|Sl©iS^rt 
SgfcJlB©^®. Gouteriii&ilWWHWcfcWSG 
<B, Gcenterti*SS*'WC*jWSGffir*SiUr, *S 

n^Mig <t jsnttjia * -c©ag <t ©ra© v /gu = 

0. 16~0. 1 8 mm 2 /*C • m i n<b 0. Gouter 
/Gcenter^l. lOitSCi. 
[0 09 0] CCt, 09©S48lT^;*ttfc&igfc:W 

9 ©iWTS! 3 titcmmnic AS J: 5 «cjw»-r 

< w:2/y 3>-5 x^©^^£#*SU;fc*§^ci;t:. 0 

1 0Of-f^S$n^. ft*s. '— «W*«t»««: 

lag©? 5 -*^ 1 o©^— tbio") 

[0 09 1 ] (9) 0.40 irm/minW±©jIS (MK - 
«, 0.45 mn/miniy±©iIS) "C3l#±tf 6nr^jSS 

»»»**•). «©3l»«Kr^3ti*J:9«:. 

0 . 56~ 0 . 49 mm/mi nlCWfe? ZCt i> ~C $ Z> . 
[0092] (10) x^Srt©^«w*5^XRgftM 
WfihS% (.is>jayj>-fy h^fi{C*f-T4SS©it 
30 feLt (<fc0»^l/<«> 7 0%«±) ffft-rspa 

2 0 0mma±©->'J3>'f>i5' h. C©J:^ftlAffi 
^©^Rl^^il^ S*P&f 'J3>-f>J^5iS 
j^TS C i (i. SE*»c^S«i^ifeS©*f^^ffi-c 

l%Hj©ffiffl(c^sns„ sets. r-5x^Mrt©^i**JM 

[0 09 3] (11) Jftttl/riaSStDlt 52WSLh 

(«fef)fiFa;u<«, i o.fcfcLh) ©^y3>^>=fs. h 
Sft?*or. ^x^ffirt©^^3te^Rlft^*i5 0% 
■(s/i;3>-f>=f» h±g«:>Pt-r.5S3©J:k^) «± 

(J:0fiFSL<« t 5 5%«Ji) ff£T£P&2 0 0m 

mjy±©^ y 3 > -< > =f » h ©*t^^ n-cc^s ~> y 
[0094] 'i^m&K&zfm%m&F^mm>mx- 

■>x^ffirt<D*»«:*j|,>'C«j^aBiRW*»5 5%«± 

??s-r-s. j: ^ft^pa^y 3>^ >=f-^ f 

[0 09 5] (12) K^ga*J2 4ppmaWT"C. ? 

i^ffirt©^* 1 ^^^ fim^ 4 o % ( y 3 > ^ > 
=f„ h^gfc*firsg3©J:b$) Ja±#£-r3pa2 o 



• - • 
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0mm«±©^y aW>=*?» K 

[009 6] a*. ±iec8 )©->•; 3 w>=f» 
[0 09 7] (13) czs«c<tor^y 

> =r * v ism-rzii&vjib ^t, me v; =f >hr & 
mmis v 3 >#*§n i cMwamammfrtiimsMMm. 
wm©» s i . wse-> y n >*^s©^fflijs©as«j 

[0 09 8] $/c. *lfe?Jitt. ^©— ffi£ L/T. 1&Kffi 

tt. *©ffc&:4t/C. OT©<fc5<rfc©fc*©iSH©4> 
(COS 1/ . &#©**UB«SSe^*<»8T * c i K Js o 

£*i-2>C<h«C&S. 20 
[0 09 9] (14) CZSKi^t^'J^Sa* 

6j";a i *±tf * ft wcot, «n e^> y 3 

WES/ y 3 >i|i*gS<t ©B«f*ffl©?&K*iI». 

[0100] <(9)-ci 2ytwmm>^^m^o> 

t£» M.Hourai , H.Nishikawa, T.Tanaka, S.Umeno, E.As 
ayama, T.Nomachi, C.Kellty, . "Semiconducter Silico 
n" Electrochemical Society Proceedings FV 98-1, 30 
1998, p453 (JWT. S&aWlTlfa 5 ) {Cfcl^-C. 6-f>?" 
(1 5 0mm) ©*SH(Coc>-c£;g©7 3% (fib. £ 

J.C.Park, C.S.Lee, J.M.Park, S.M.Chou, H.K.Chunq, 
"Defect in Silicon III" Electrochemical Societ 
y Proceedings PV 99-1, 1999 p324 (fclT. &ftJWr 
$J6 ) tC«. 200rmr A >3" y h**; SS^Sl200 mm © 
rt. 600rm> (BPS, M©5 0%) tfflfcXIS-C&Sfc©" 

*j-c#fcic^ci*J«^$nri>s. 40 

[0101] f£'.-»T; JblB (10)© r-j7x^®F»9©:£ 

«r4fi3©Jt*) «± <«t"DjlfS0<«. 7 0JfiH 
±) ??«ETSPS2 0 0 mmUhOi/ »J 3 > -f >=f „ 

[0 10 2] *fc. ^ftfPWf«i6©^j£«:j:n«. 
^IHrt©*»3Wl8WB«c««*»5 o%sa-rsns2 0 

Lrfe. *©<fc3&fc©*£j£t,Ti!Bt-r-sc£tt-ca 

JJB < 1 1 ) © ra«io-c«Bi3nA:5*« so 
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± (.fcCSfSKtt. 10*fii±) Oi"jaW>rf? 

h^ti^t, ^x^Mrt©^^^^!^*^ 0 
% (->y3W>3"* h±gcc*t-rsS3©J:b^) tt± 

UD»*0<t*. 5 5%&±) #SE-rSPS2 0 0m 

mW±©-> y 3 > ^ > 3* i» h ©*-eit *rri> y 

3W>3-»y r f¥j <hl>9fc©iWKtt-C*&C&&91& 

[0103] £/c, ±IS©^Wf®)5SCX6«:*5^r 
fc. W8M&&tfi2 4ppma«T©*>©«P§^$n-Ct,^j:t,> 

±IB ( 1 2 ) © rKSS5fl§ffi#2 4 ppmaJUT-C, 
x^fflrt©^#9R$«d6&««# 40% (->'jn>>f> 

3> h±s«c^r^.ss©tb^) ULh#&-rsps2 o 

0mm£U:©->y3 W>3*y h J £^5 4>©#S93i-? 
* S C <t IB £ X $> £ „ 

[0104] icor, ±ie©&&w?i29 6 «:*$<, >rw: 
MS©? I #±tf iSK^^t ©sE&«:?¥ffil; 
*0TUfir ! BJ5 {C«0.40 nin/minr*£ia*3l#±lf £C £** 

finsnrt**. L&LU&z* {t&afflmbicis^x 

0.40 mm/min-cgi#±tf €.tlfcMSB6-f >^ (15 0m 
m) OfeCDT* 2 0 0 mmOfeOtW^, 
SfelTiJlf^4«:«0.55 irni/minW^^li^a^f^RS 

immmstitcctic^x<Dmsifirj:^tix^i> 

tmtct£^tct\,>5tcVX. ^gim&xmiitftciMilc 

^x.^m^<D±wK.ii^xmxfsmm^^r^ ■<> 3- 

s» YifiS^iHtdhViXUtt^ Cn«; 0.53 ran/mi n 

L/"Ct<»5M.Iida, W.Kusaki, M.Tamatsuka, Eilino, 
M.Kimura, S.Muraoka, "Defectin Silicon III" E 

lectrochemical Society Proceedings FV 99-1, 1999 

P499 (^TOf^7) Ko^rfcP«-c*s. 
[0105] SEo-C. ±IB ( 9 ) © To. 40 mm/minlJU: 

©ilK (M{C(i,^0.45 mm/mi nfeiii©jIS) '"C9I*±tf 

[0106]. %*J. fl^KISa (Sfg^tSA) tt,^© 
«. F CS^)XFS. »<fc»i^WI«6(OS F : Oxi 
dation Induced Stacking Fault), T&XJRfcttLi? 7 7- 

^©«. *£&©*-?*>. ^-y Fc2s^)XP@. mm&m 

Jl^RSCO S F ; Oxidation Induced Stacking Faul 
t). &V&&2?X$<Dl,>-rtli>&&Lrj:l,>ffim<DC£ 

[0107] $?c, mmRWBVXDmmx. mm.mm$> 
tc*xzmn i ®&&<Dfflm. *{aB#ra&fcf)©;u^#isi35 

-zwioim.. m>izctit><Dm&--£r&KL£-?xtf s 

ctwxz i-fsx . *S,iSffliJDB©fi!i;fr|SjSffi$)ie ( G ) 
©sasia. m&mw i->ya ^^©^©^©siais. 
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(11) 



^#5C J: r> T*T 5 C £ £ 4 . 
[0108] 
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[0109] «TK. H?«WffiOfl5§©©JiPWl?:^-r. 

B 1 4 , i 5 , i etc. ^■n^ t n*fii^ra*/co©MsiHi 

[0110] HftfHSOi&SiS. Stefan Litton 

s$i^>*5£ (ts; (2) ) {ct^snsm 

[0111] 
[»2] 



L p V = Kl Gl-Ks 6a ••• SC(2) 

set?, l itii»i, pitas*, v ki ,k s »:« 



[0 112] H*||llfe». x*;l^;<^>;U:, ±5$ 
«£{c8iJS3ft&tfft«fc6r. B&l?ffi{ig«±©5£ 

4«ssi±s&KK#{c&«rrs£#*6tiT<,>s. r> 20 

SO. lHK<D&£fcJE Gl B, Btt9tifi©ttK£tt<£ 
[0 113] ISjsuaCttOJJVa. ttMaCtCfcSlliK 

Jb**8<. JU">#iiite©*KJn«. ju^^rt©a^s*ss 

fiHBKtEMB 3 ti « «WW * fc» WM© 

ibm&^&zmm*mft-?z>. -e©yt». sssw-c© 
aa^jiaci aatanu ®m&m<D±m*tE<, «±© 
c£«. «ttw«cA<«wis*ir«,>*. jeskkc^S'Jt 

SfcfttcU:.. i^*dtriMft*fB<Di' 5 * U-~> «>* 
5. 

[0114] [*mwte%&mm&m$k<Diti8£!ft*&. 40 
s-r-5fc«>©-flaw#jiffl] 4^ntc«&«i^a6ttA«w 

(Step 1) S-T. B9 , . 1 0 *#Bl/t:. 0fH[©SSS 

ta. 

(step 2) *&Gmmvncx o . -e©«j£©*§affl!JB 

(Step 3) (Step 2) X&MLtc tc 



i. 

(Step 4) .5l*±Wfclga*«*l5HC«JKL. *R5S 

S3 1 *±Jf SK* <fc t>**©3 I * ±tf OBSfifctcfe w * a 

(Step 5) (Step 4) t?©S11*S^«rB9{C#M^ 
iTS^8t»C. UK (Step 3) fcf?9.- 

[0115] B*»B<z>i*3*B»ra#BitL'Ctt. 
M^o/c«fc ^ ft. wfflQBftfc o ®ft jubhwdbb. 

*ttl*B*fc K> <D)WJ *Ti]iiSSfc©IBM. Brssssofitaa 

jae«jE©sasccot,>-r«. tsjiBBostttsffMani 

©BB{c<fc-3-ctf5c<!:#-c*£. for. c©<fc^tt 
4ci*sr#4.V«c*J. c©«K 9 ft 

[0116] 

[0117] tSJUSS 210 irni. #fig2 2 
rftSSI^itfftfrORJTFKteCir. @«l?MW3i 
«SSfflIS©G©^©ffl*^to-ii'{cj: Z>XMW.<Dftfi<r> 

4. Secco x ^ > «fe C«ftftia«©XiS 

o©sa«fefl:r i O X m? . 

[0118] 
[*2] 



(12) 
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r 











2. 1 tVtan 




+7.0 an 


2.7 'C/mi 


2000 


+14.7 an 


2. 82 tVna 


^mi 3000 



[0119] KJgjggW:, 2 4 #>6 3 2 ppma ( OLD AST 
M, F 121-79) "C*S. 06 ,7 ,81*. ■ 

[0120] fe^tt^w 6h«asau»ra«. os 

F &«4^ffi«#4©»gj3K©¥&:frfflK:teW*ft io 
<m& V psf,ririn£^^M^4l£tt?7*2MilS£© 
»j«©*a*lSl«:*il**»^afflE V dis.max4©|g|* 



* AV = V osf .nrin-V dis.max 4L/c4£, AV 

*±tfjIK©l<F5g3[@j&i Av *4-i«**ft<tt« 

«4*lSI£^(Cj@l,. Vosf.nrin 4 V cfis,max©¥i§Jiii 
V****< fc£ta:4'£gttK:&;hS. 
[0121] 
[*3 1 





V osf.min 


V die, max 


V 


ea.6 <o»a 


0.320 aa/nin 


0. 317 aa/ma 


0.003 nm/nin 




a. 462 nn/nin 


0. 460 na/ain 


0. 002 Bm/mln 


H8 oft A 


0.482 no/ain 


0.452 Bu/oin 


0. 030 nn/ain 



[0122] C©«&||f&£Stafctel|l£0 9,1'OK 

^-r. @9ii. @«i¥E©iis 4 u ^aw© 

G*$tt4.Lfc»£©AV©^i®*^l,fc *>©-?* 

(DiMSLO'P'Cb^y ?l/#$f>(.AV> 0.01 mm/tain) t?* 

[ 0 1 2 3 .3 010 (Ctt. @?ffil?ffi©?il$ *«RM 

£U *SSiIJS©G*lHill6<t O/c»^©V osf.m-in 4 V 

vm 1 0*56. @&i?ffi©tig#jf5< . mm&£}&-c$> 

[0124] H9©^»apr^3ti-5HiffilSiffi©?SS*J 30 
<fc 0*aflHB©S*45B©tt*^b«.-T?* * 4 * (c . H 
1 0^3nSj£g»K(cr?l£±CfSc£KJ;«). Jfc 

[0125] B*l?IB©?S;*©SISHMa4 Ottt, 0 1 

iceom. *tt^m*fcb©ju^#@i£»©^s, 
»aa«©EnMss©s3S*i^cf6n-5<, hk^a^ 

4. -ebr«Ha«©ElWJlBfte4±lf4«^Hfflt5Siffi»± 
jrr&C&*stt&. " 40 

[ 0 1 2 6 ] 09 , 1 0*>6. S&f?®©*;*** 10 11m 

-5^fijiS©lA^*lF^'tI«cr»!jg-r*^©ffl*s??qS-r* . 
C4jMW*. &tc 016*>6. *©J:5&B?8tWffiiS 

$«2 5 0 0iivxvA±<D7mmm<oBMK.&*)nmi<t 

[0 1 2 7 3 -e*ifcitt<c, B^ffiiSSKfggW 

•S0^«^<; ^©^rnfe^jffljvN-^y-^iu-cffi 
^©^•-7-*iettis^siH?g^ffii»?s«±^-rs. * so 



mm) tmm> B&WE©K3£«wr£c4*ir* 

^^^rttcjl-^TKiDiES©^?^^— ©^ 

©^(c^S-rsH^i. 4©J:5&fc©-e&oT&[ 
ffil?ffi©«£*ll3Srr*3M£4 vxm^z c 4#-C# 

[01.28] fes©fflj®©iae«jE©'iss«. asm! 

©S W S *I»«g^©DlgCc J; 9 fr5C4 

0. tSA©flfif©Blt«K«. «aBK»2 3©fiffli.5/- 

4 4 L- X<D t - £ - & O < « V - <v - ©SS^c i'^t? 
[0129] ^©SS©^*n(cJ:0HfS^ffi©lS?S 

[o 1 3 0 ] mmbtc^K.. HH*'<D4U&HFts. 

r@ffi|?ffi©^j 4 r^^ffliJSCSS^^j 4{cJ:o 
®©M^j 4co. *>©=&. r^c(3<cv©H^i?ffi©iif 
«. r@^ifiM©jf^j 41.^ fc©^. r^s*^©@ 
*i6Hj^e.«. r*s&fflijM©tagKWi>j 41^^© 

rtSAffiliif©Sa:«fiBJ 4t,^«t^:-C^S!^U?c„ 

i^t©*. r^M®©jaK^iej 4cj:f)f^$-ifr 
tc, -5-n6%^7^-^4L-c^fFS:S*tf ^citc'j: 

»). ^RS^*^aw#6nsc4*7FL>/c©-c* 
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coi3i] t*»u mmftw<DBvm<f;vm&®m<D 

*§-£«>.. 09, 10 TS*3hSJ:3&*r6|ttltftS 
[0132] (Step 1) 09, 10*#ML/-C\ 

wrm<Dm&ms.isj:v&i&)m<D&®mm (a\o ©*a 

6t»*9«£-r-5.. io 
(Step 2) , !6£fi*UBfiT«:J: K> . ^©19S£©if£,fHI!Jffi 
© G *»F 

(Step 3) (Step 2) -V^MLtc^y bV-> 5C 
T. 9l*±WM*»*fc*J>3*-Ct6ft«l*±tf 

*. . 

(Step 4) 3l*±tf A***«^K:WKU ^Ria 
*gi*±tfi»S*iJ:D { *©5l#±*fjlflefi«R:*iWSH 
(Step 5) (Step 4) "C©iFfliite*409K:#R8l/ 20 

ss (step 3) ttf 5. 

[0133] HttJMB<DJK3£VHF*'S^&& L"Ctt. 
««£©<* 5 JC; ttABttR. JU^iKBIHR. ' ttHWOEP 

flffiftKosasa £©#e&sw •5ci*sr*5„ * 
ft. ^SffliJffi©jaa«JE«:-oc>-c«. I52$©«fc^«:. t£ 

jumbos » z m&tmm<Dws&ic * 0 tf 5 . 

[ 0 1 3 4 3 H 9. ; 1 0 « 8 -f > eRDlSJlic-^-cf'fcJS 
3tl^*>©-C*S*>^. 6 -f^fcJcCM 2 J>*<Dm 

ih<<a l i%<D&$imm?i>ct\<tx!zrj;i,\ .30 

mz m&QtmvmmzsmcDm&zm^z^mtt. -e© 
**iiffl-r-5ci*srt-s©r*-5*>e.. *mi<<c£ti 

4. 

[0 135] [«&KRi-f>=r* h©«jg] jktk:. as* . 

[oi36] <immi?imM><Dm>mgh&mt 210 m 
*f jffrtiftaB 22 a^ffi«3« -5.7 

nm,teikMW<DM8£}mZ 2.1 'C/hmr, SBStlEP/jn^C 40 
U ^SH<ett«12rpm, A^*B!fS$t«12rpm; <hC^ 
=&#-Ctell£? I 7c. ? I £±tf i£g©3 I *± g 3 
{cSt-rs^^-^liHl 7«:7R-rilf)X*>») t 
(i*»J:-5'28 ppma V$>2>. 

[ 0 1 3 7 ] 0 1 8 ft, 3IS±tf rciSS^^tt^tf 
8fcfr[°]K:«?J»tb7cfg. 780-C-C3B$fa^7^1000'C-Cl 

[0138] C C-C. ^RSSi5©t>K:M^4ec^SU»<t 
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0i9K> ^«ao»**««iaiO"C5%r. c 

[0 13 9] CWJ&g&fFtt. 09{C*$<,>-C. it^s 
jtSAV3WiE©01S(C«arg-rSfc©©» AV*igtor 

[0140] <mmwmifim£t t <DM>mgi 1 mmiz 210 

mm, )l>y#\*immt 22 @fgW15i«3« +13. 

0mm,i|gliiW®©SK£JIStt 2.82 •C/ram. 3000 ii^XO 

Tkwmmwm. *ss@^«i2 rpm, ^^^sg^t^ 

AS££i£#ftK: 1.3 rpm . iHSafefr-ceft*?!* 
±lf fc. ? I #_ttf jig©? I *±tf {C»-r £ 5 - > 
itm 2 0 K^-Til >) r * 0 . ffi3RJSS«te «t ^26 ppma 

[0 1 4 1 ] 02 1 {C^PS®©^flJ*7n-r<, t©02 1 
^iiS«0.43 ±0.01 mm/min -C$>r>tc. C<Dl$&g!&- 

lagtcfcc^-c, i^/&^KAVrtiiE-ea^*#i,> 
[0142] <&mmm&^m<DM>m9 , 1 o.©^ji 

524~32 ppma ( OLD ASTM, F 121-79) -C*4„ 
L//*%HJ#6«. ^^g ; &24p P malitTiD7ci# > 
0 9 {Cfc » S^RStSBl©f#P» n SW^f? I £ ilfiSffiffi 

[0143] i^eiaSt* 210 ram, ^^s^rtittStt 22 
H?SW®W3« 14. Oram, Mliffi'JM©SS^ie 

« 2.82 -c/tam. K^mm iQoojj?7.<DMmwm. m§t, 

msmx 12 rpm, }lsy#®&&ltfe£l,®&±ffl?i&<<C 
1.3 rpnu il^^F-C^^gi^iWc. 3l£±tfjt 
S©?l#±Cfg${C>Ptt- 4^-$->«02 2 «c^-rji») 
■C* D , ^^ifiS«12~14 ppma-C$> 5 „ 
[01441023 tC^Ria©^5r^-r= M^Pfi© 

^©?#6*l5?l*±CfjISffiHfe 0. 56~ 0.49 mm/mi n 

[0145] &*5. ^^SCiSTtC^^-C^PSM^ 
©^^-r-SjiS^i^-r-SCitC^l^riJ Iida 6©« 
( M.Iida, W.Kusaki, M.Tamatsuka, E.Ii 
no.M.Kimura, S.Muraoka, "Defect in Silicon III" 
Electrochemical Society Proceedings FV 99-1, p49 



(14) 

25 

9 ). */c> mmb d$pa¥u-i9938&«f£$a) «, mm 

jSa*J24ppma J£tT©*©£«:tt. Z> OSF 

[0146] m*.V£. 780*CT*3 B#Pa^^X1000-CC 1 

6mm osmmm, ) ©^ittfewsBsiitTSg.!: os 
f ©ass t <DM&&m 24 ccTfrr. c ©02 4 & 

*igf£*i 24 ppma J«TT« t OSF C <ta* 

OSF *s#&£Lfct,>fc8fr. *KR©tttt# 
»<E>ft£3l*±tfjIffi©ffiBki\ J&K*-Ctt Vosf.min 10 
#>6 V dis, max X$>r>tct><D&> F$tfS**£C 
Saffi3l£±tfjIK Woid.nrin £ Vdis, max ©Oifr 
i«®f?^<fc 9 J£<&SC Ch6©tt 

[0147] Se^t, cne©feiM*>6^iHi©^«* 

irW-rci^-Clfr. *»9!©^{CJ:»3l7J»r» ft* 
fc..^?g©^{cj:-orfi]«e)-r; j£v»«w«c«or 20 

«6i % -3 /t <t# 5 C t ifiXt 
[0148] 

©M»4^fcPigT*C<fcK:«J;-,-C > ft0OBtiA«$ 

[0T49] c©<fc 5 &##691{c j:ftti v tSS©?l#± 
tf#ft;&tf£x^©ffi3^©i,»-r*i«:*jc»"C*>. 

«fc*i «. *SA©5 I * ±tf#rS]©j£i,>fiSB{c» o r stekfig. 

o*6Kns^Ri^x^©^*i^< 1 *^at«>x^© 

^©Et^BKSf -> x kmtomum&a&r* c £* J 
r * -s/caf). m*.i*a& 200m m£U:©*ci&©9 x 40 

5ft«^t?«. 02 3#>6H8e>#>ttJ: , >K: t 

©3 X'-t©£9#JfeKK© ©*^5£ LT fiti-T •& C £ 

&x$z>. 

[0 15 0] W*.K. *^(c<th«, £*J>©E*t*# 

^KO-ct., «J©*i:PJrau&^tmc4>ii:&2 0 omm 

©•5 x^®F*g©^-c*i«^RS©^W 5 5 %fc*±??&T 
h*i!Bi-rac£*ir*i (1319) . S . 
fc. «J© (2 5 0 0#"5;*feLk) SrEPttlL/clt^CCtt. 
tS2 0 0 mm<Dffift<D±Xi>mXf&CDmW1fi7 0%iU 50 
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(02 1). 

[0151] eccwMBcc «fcn«> ffi^iRigs©at^Ri 
^©*n&3x^£§^T.*>t§-£fciij«-e<&£ <«*. 

«, 02 3#M. CWCtna, IS2 0 0mmOirt 
©^-r*i^FS©M^4 0 £ -( > =f ? b 

&&MK.M&2tlX\<>2>) . 

[01] osf y > ^3&i««r -s «t 9 *j««aaeffi»K: 1 

[02-] WKDfca&KBBEUfc^BJBttO-fet' F*^ 
-T0-C&.S. 

[03] iiiMBiii©aj«»**5%r h-c* a. 

[04] _ HttJNB©fltS£ttM&-U «SAflfB9©G£ 

wmt uA:ti^©Ma*^©sa43EG©^naK*m-r 
0-eas. 

[05 ] BiKJfB©ift3£flM£ U fSAflflBQG*'' 
'tSM£ Lfc«£©1£A©MHS©&J£*)EG £ttA4M> 
©SK^JlB£©Jt©^i«^( Cedqe/Gcenter)^-T0-e 

[06] 3lt±tfi£££^:frffltefcW**l««©# 
[0 7] 5I*.±tfatti*S*lS»c*W*^B«©# 

a^«£©i8^€:^-r0t?$>a„ . 

[08] .f|»±t/aflEi*S*|Sjtc*W4^Ba©#. 
ft**&©W«*mTH-e**; 

[0 9] H«l?S©lSS«:«#<fcL, 4SAflIS©G«; 
Jffi#£ Ufci§-£©Vosf ,m-in * V dis, max©^i!Mg£m 
-r0t?*5. i4^aJ«. V osf ,min - V dis, max - 

o ©ttw-eag . J*XBlSft*«JfiT*c i3&«"r**«. 

[010] HflWIBOKS ^«W£ U ^Sffl>Jffi©G 
*«SI4<b U/cti^©V osf ,min <!: V dis, max©^Fife)fii 
.©<WE»"*^H-C*^. 

[01 l ] 06©*S H B B {co^-c. v/c£*S*|Sik:*s 
W*^««©?*ffi««i©»l«*5Vr0"C*4. 
[012] 07©*&HtCOt>T. v/G£*S*fSl«Cfc 

W**»«©fl«E«R«i©H«*S%rH'r**. 

[013] 08©*SAtcot>r. v/c£*S^[6j«:*j 
W -5^K«©??«E«I^ 4 ©M&£m-f 0t?* a. 

[014] @ffiWffi©^Cc*jJ;a-r*SAIelgS{[©K 
WZmtmxibZ. 

[0 1 5 ] H^wsc^tcfc^ti-r^^^^© 

^S*7n-T0-C*5. 

[016] mmnm<mmc%$^\t^i^mm<m& 
[017] 5i#±ifaa©w^isi©^f ->*^-r0 
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[019] ^<DS$^|fiJ©aa<!:^S^rS]fiig(C*J 

[020] 3\%±tfm£<D$ii}fa<D^2-is*7j%-rm 

-Oh*. 

[021] *§Jl©g 3 Xft<D{iLS.t ¥&2f ftftStc 

[022] gii?±if)is©tt^ifij©-'^->4^-r0 

[023] Ms©ss^isj©fiai^s^fi[S{c*j 

[024] ^sttt osf m&tvwi&ZTjk-rm-c 

[025] mm&womvn *mi? ^fcftoia-c 

[02 6] r@&Jf^<DiSf3j £i&BJ^£fc#<D0r* 



(15) !Rfgg 2 0 0 1 - 2 6 1 4 9 5 
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[027] 

[*Hf©t&W] 

1 1 iy>)a>m^m 
11a ~> y 3 >4USA 1 1 ©Ha*** 
lib is y 3 >#ttJI 1 1 ©ffliM 

13 5/'Ja>iBS 

1 4 B«*n 

10. 2 1 ^ ; >sK 
22 fc-#- 
22 a tf-fFfc-*- 
22b sKhAb-*- 

2 3 ^jSffici* 

2 4 mb&aok^s 

2 6 VU^-fF 
h iig»I14©iS3 



[01 ] 



[02] 



I 




-120 -80 -40 0 40 BO 120 



i 
s 

t- 




[03] 



[04] 



[05] 



p 




100 200 

nttjra*e<DS« (n) 




L5 20 
B&*®<0R3 (mm) 



300 



(16) 2 0 0 1 - 2 6 1 4 9 5 



[06] mi) 




V/G ( nP/t«in) 



(17) 
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CHI 2] 

»*»« osp g 



100 
BO 
60 
40 
20 



0,1 




at5 oa 

V/G ( rf/Xiia) 



025 



13] 




0-2 

V/C ( noV-Ciin) 



023 



114] 



[015] 



20 



10 
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